Gastrointestinal (GI) stromal tumor (GIST) is the designation for the major subset of GI mesenchymal tumors and encompasses most tumors previously classified as GI smooth muscle tumors. Although GISTs typically express CD117 (KIT), often express CD34, and sometimes express ␣-smooth muscle actin (SMA), the relative frequency of these markers has not been characterized in large series of GISTs of different sites, and the CD117 expression has not been fully characterized in intra-abdominal tumors. In this study, we immunohistochemically analyzed 292 GISTs throughout the GI tract, including omentum and mesentery, and compared the immunoreactivities with 211 other tumors that may enter in the differential diagnosis. GISTs were defined in this study as CD117-positive primary spindled or epithelioid mesenchymal tumors of the GI tract, omentum, or mesentery. The CD34 positivity of GISTs varied from 47% in small bowel to 96 to 100% in rectum and esophagus, whereas SMA expression showed the opposite patterns and was most frequent in the GISTs of small bowel (47%) and rarest in the GISTs of rectum and esophagus (10 -13%). Desmin was seen only occasionally. S100 positivity was rare but was seen most frequently in small intestinal GISTs (15%). True leiomyomas from esophagus, muscularis mucosae of colorectum, and pericolic leiomyomas similar to uterine leiomyomas were negative for CD117 and CD34 and positive for SMA and desmin (46 of 46). Inflammatory fibroid polyps of stomach and small intestine were negative for CD117 but were often positive for CD34 (6 of 8) and variable for SMA (3 of 8). Inflammatory myofibroblastic tumors involving gastric or colonic wall were negative for CD117 but some showed CD117-positive endothelia. GI schwannomas were all negative for CD117 and positive for S100 protein (11 of 11). Extremely focal CD117 positivity was seen in the neoplastic cells of some retroperitoneal leiomyosarcomas and liposarcomas. Among other CD117-positive tumors were intestinal metastatic melanomas (8 of 11) and extraskeletal Ewing's sarcomas (5 of 11), two of which were abdominal. In conclusion, strong CD117 expression defines most primary GI mesenchymal tumors as GISTs, which show different patterns for CD34 and SMA in various parts of the GI tract. Some unrelated CD117-positive tumors (melanomas, Ewing's sarcomas) should not be confused with GISTs.
The immunohistochemical features of GISTs of different sites have not been compared with adequate series, and the differential diagnostic implications of the possible heterogeneity of GISTs has not been systematically explored using a large series of tumors from different sites. Also, there are many GI and abdominal mesenchymal tumors that are unrelated to GISTs and may simulate them clinically, grossly, histologically, or by immunohistochemical patterns. To date, the number of such lesions studied for CD117 (KIT) remains relatively small, or comparative data are lacking altogether. Specific identification of GIST may become clinically important if therapies targeting the KIT tyrosine kinase activation become available.
The purpose of this article is to compare the immunohistochemical features of GISTs of different sites from esophagus to rectum to better delineate their immunohistochemical spectrum for the basis of diagnosis and differential diagnosis. We also evaluated the expression of CD117, CD34 smooth muscle actin, desmin, and S100 protein in a relatively large, representative selection of other intra-abdominal tumors or tumors that may present intra-abdominally and enter in the differential diagnosis of GIST.
MATERIALS AND METHODS

Case Material
Mesenchymal tumors involving the GI tract and coded as leiomyomas, leiomyosarcomas, smooth muscle tumors, or stromal tumors were retrieved from the files of the Haartman Institute of the University of Helsinki, Helsinki, Finland, from 1970 to 1998. A similar diagnostic selection from esophagus, colon, rectum, omentum, and mesentery was obtained from the files of the Soft Tissue and Gastrointestinal Pathology Registries of the Armed Forces Institute of Pathology. Additional tumor types studied for comparison included 40 retroperitoneal LMSs, 11 typical gastric schwannomas, and tumors, of which some were among those that CD117 positivity had been reported previously. These included 11 metastatic melanomas to intestines, 11 extraskeletal Ewing's sarcomas (two abdominal), and 5 intra-abdominal desmoplastic small round cell tumors (a total of 503 tumors).
Diagnostic Definitions
For this study, GISTs were defined as CD117 positive (more than 10% of tumor cells positive), spindle cell or epithelioid neoplasms primary in the GI tract, omentum, or mesentery, among the group of combined smooth muscle and stromal tumors. Excluded were other specific entities, such as histologically typical leiomyomas and leiomyosarcomas (see definition below), inflammatory myofibroblastic tumors, inflammatory fibroid polyps, desmoids, and schwannomas. Only GISTs of stomach and small intestine that had complete follow-up to allow for comparison between benign (no recurrence) and malignant tumors (intra-abdominal recurrence, liver metastases or both) were included. Spindle cell and epithelioid tumors were not separated, as previous studies showed them to be similar in their antigen expression (15) .
GI leiomyomas were defined as benign tumors composed of well-differentiated smooth muscle cells, similar to those in the GI and vascular smooth muscle, and positive for ␣-smooth muscle actin (SMA). GI leiomyosarcomas were defined as mitotically active tumors composed of spindled, welldifferentiated smooth muscle cells with bluntended nuclei and variably eosinophilic cytoplasm showing significant nuclear atypia, features similar to those of typical retroperitoneal and vascular leiomyosarcomas, and positivity for SMA.
Immunohistochemistry
The immunostains were performed using the avidin biotin peroxidase complex detection technique via an LSAB-kit (DAKO, Carpinteria, CA) or Vectastain Elite kit (Vector Labs, Burlingame, CA). Identical results were obtained in parallel experiments in a number of representative cases. Diaminobendizine containing hydrogen peroxide was used as the chromogen. The primary antibodies, dilutions, sources, and epitope retrieval modalities are listed in Table 1 . Microwave epitope retrieval step was performed in an EDTA buffer (372 mg/L, 
RESULTS
GISTs
The key demographic features and the patterns of immunoreactivity of 292 CD117-positive GISTs of different locations are summarized in Table 2 . These tumors mainly occurred in older individuals, and the median age of patients with GISTs of all locations varied in a narrow range (59 -64 yr). The male:female ratio significantly differed from 1:1 among the patients with esophageal (4.3), rectal (2.8), colonic (1.9), and small intestinal GISTs (1.4 -1.5).
All GISTs were positive for CD117; this was used as part of the definition. The positivity typically appeared as diffuse cytoplasmic staining with common membrane accentuation but, in some cases, was focally perinuclear, 'golgi zone-like staining' (Fig. 1) . Epithelioid GISTs tended to show less intense positivity as compared with the spindle cell GISTs. However, only seven cases showed CD117 positivity in less than 50% of tumor cells, and only one case had less than 20% CD117-positive cells.
The frequency of CD34 positivity varied significantly in GISTs of different locations. It was highest among the esophageal (100%) and rectal rumors (92%), whereas only 50% of the small intestinal GISTs were positive. The CD34 positivity was similar in benign and malignant gastric tumors (88 -91%), as defined by the follow-up data. There also was little difference in the CD34 expression between the benign and malignant small intestinal GISTs (47% versus 55%).
The positivity for SMA varied according to location, and, in general, this marker showed an inverse pattern in frequency of expression, as compared with CD34. The highest frequency of SMA was seen among the small intestinal GISTs (47% in the benign versus 27% in the malignant), whereas esoph- ageal and rectal tumors were only rarely positive (13% and 14%, respectively). Also, the small intestinal GISTs that were SMA positive, tended to be CD34 negative and vice versa. In many cases, the GISTs infiltrated within the fibers of the preexisting smooth muscle layer; such entrapped smooth muscle elements were not interpreted as part of the tumor. Desmin positivity was rare and sporadic among the GISTs of all locations. It was seen in the esophageal and omental-mesenteric GISTs with the highest frequency (19% and 14%, respectively). Desmin positivity (usually focal) was only sporadically encountered in the benign gastric and small intestinal GISTs (5% and 3%) and was never seen in the malignant GISTs of stomach and small intestine. S100 positivity was rare in the GIST group. However, in the present series, this marker was seen in 15% of the small intestinal tumors. The positivity was both cytoplasmic and nuclear and appeared in 10 to 100% of tumor cells.
Leiomyomas
Among these tumors, all GI leiomyomas were histologically distinctive from GISTs as paucicellular tumors with eosinophilic, often fibrillary, cytoplasm. These tumors, the intramural esophageal leiomyomas (n ϭ 32) and the small polypoid leiomyomas of the muscularis mucosae of the colon and rectum (n ϭ 22), were also immunohistochemically distinctive, as they were consistently negative for CD117, CD34, and S100 protein and positive for SMA and desmin. Numerous CD117-positive mast cells were seen, especially in the esophageal leiomyomas, and to a lesser degree, in the leiomyomas of the muscularis mucosae of colon and rectum.
Another type of intra-abdominal leiomyoma that occurred on the external surface of the colon, and sometimes simulated GIST, was leiomyoma of the uterine type. All these 11 tumors occurred in women. They were variably cellular and showed alternating areas of collagen and cellular and focal myxoid zones resembling the uterine myomas. Immunohistochemically, they were consistently positive for SMA and desmin and negative for CD117 and CD34; mast cells were CD117 positive (Fig. 2) . Most tumors (8 of 10) also were positive for estrogen receptor (ER) (Fig. 3) . In comparison, none of the 20 randomly selected GISTs studied for ER for comparison, were positive.
Leiomyosarcomas
Among the gastric tumors, there were no examples of true leiomyosarcomas, whereas there were four small intestinal, four colonic, and two rectal tumors that histologically showed features of differentiated smooth muscle cells with blunt-ended nuclei and eosinophilic, sometimes granular, cytoplasm. These tumors were, by definition, all positive for SMA, and seven also were positive for desmin. Although all leiomyosarcomas were generally negative for CD117, scattered large neoplastic spindle cells (less than 1% of tumor cells) in two intestinal leiomyosarcomas showed strong cytoplasmic positivity; these four tumors were negative for CD34.
Among the 40 retroperitoneal leiomyosarcomas two showed scattered CD117-positive cells (Fig. 4) . Twelve of 40 of the retroperitoneal tumors were positive for CD34; otherwise, these tumors showed similar features as the intestinal leiomyosarcoma by being consistently positive for SMA as a part of definition and usually positive for desmin (32 of 40; 80%). None of the CD34-positive retroperitoneal leiomyosarcomas were associated with stomach or intestines, and none showed GIST-like histologic features. 
Unclassified Sarcomas
There were 17 primary GI tumors that were negative for CD117 and showed histologic similarities to GISTs. However, all were high-grade malignant spindle cell tumors, some of them with focal pleomorphic features. Four of these tumors were from the stomach, one from the small bowel, six from the colon, and six from the rectum. The CD117-negative tumors were all negative for CD34, desmin, and S100 protein. Three tumors showed focal SMA positivity; others were negative. These tumors were considered unclassified sarcomas based on the lack of definable differentiation.
Patterns of Immunoreactivity for CD117 in Other Tumors
The immunohistochemical studies of tumors that can be considered in the differential diagnosis of GIST either morphologically or based on CD117 positivity have been presented in Table 3 .
Inflammatory myofibroblastic tumors included all three childhood tumors in this study; four additional cases were seen in adults. Two of these tumors involved gastric, one duodenal, and four the colonic wall, often clinically or grossly simulating a GIST. All of these tumors were negative for CD117 and CD34; the latter marker showed high vascularity in these lesions. Two of seven cases showed unusual vascular endothelial positivity for CD117 (Fig. 5) , whereas the lesional cells were negative for desmin and S100 but variably positive for SMA in four of seven cases.
Among CD34-positive tumors that were negative for CD117 were inflammatory fibroid polyps and peritoneal solitary fibrous tumors (Table 3) . Inflammatory fibroid polyps (Fig. 6) were often positive and solitary fibrous tumors were consistently positive for CD34, whereas only mast cells were CD117 positive (Fig. 7) . Liposarcomas occasionally showed CD117 positivity in sporadic tumor cells, similar to what was seen in four leiomyosarcomas.
The 11 schwannomas were spindle cell tumors, of which two occurred in the esophagus, seven in stomach, and two in the colon. The clinicopathologic features of four gastric schwannomas were reported previously (16) . These tumors often showed prominent lymphoid clusters in the periphery, sometimes with germinal centers. All tumors were negative for CD117, CD34, and muscle markers and were strongly positive for S100 protein.
Among small round cell tumors, CD117 positivity occurred in 5 of 11 extraskeletal Ewing's sarcomas, one of them intra-abdominal and another located in the abdominal wall (Fig 8) . All five intraabdominal small round cell desmoplastic tumors were negative.
DISCUSSION
GIST is a designation that has been used recently for a specific group of gastrointestinal mesenchymal tumors, although this term occasionally has been used generically to refer to any mesenchymal tumors of the GI tract. In most instances, GISTs are understood as mesenchymal tumors essentially restricted to the GI tract. By their positivity for CD117 (KIT), they show phenotypic resemblance to the interstitial cells of Cajal of the GI tract. A unique feature for these tumors is the presence of activating mutations in the exon 11 of some c-kit genes, especially in the malignant tumors. Such mutations in the c-kit gene are a possible pathogenesis or explanation for the autonomous, unrestricted growth of malignant GISTs (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) .
In this study, we analyzed more than 500 GI mesenchymal tumors to examine the immunohistochemical markers in the diagnosis and differential diagnosis of GISTs. For the purpose of this study, GISTs were exclusively defined as CD117-positive mesenchymal spindle cell or epithelioid tumors primary in the stomach, intestines, or omentum and mesentery, among the tumors of the combined smooth muscle and stromal tumor group. By such definition, the vast majority of all mesenchymal tumors of the GI tract originally diagnosed as gastric or intestinal smooth muscle tumors or stromal tumors were defined as GISTs, except defined groups of benign leiomyomas of the esophagus and colon and rectum, and very small groups of differentiated leiomyosarcomas and undifferentiated sarcomas. There are significant immunohistochemical differences in the GIST group in the frequency of CD34 and SMA expression, depending on the site of occurrence; this heterogeneity has not been appreciated fully in previous studies on GISTs (12-15, 17, 18) . CD34 and SMA showed an opposite trend in expression in GISTs of several sites. Although most esophageal and rectal GISTs were positive for CD34, these tumors only rarely showed SMA. In contrast, small intestinal GISTs showed SMA as often as they showed CD34. The cause for this phenotypic heterogeneity and its significance are unclear. It is plausible that GISTs represent stem cell tumors that can differentiate into a Cajal cell-like or smooth muscle cell-like phenotype. Such a pluripotential GI mesenchymal stem cell population can differentiate both into smooth muscle and Cajal cells in the normal ontogeny, according to chimeric experiments on mice and birds of the chicken family (19, 20) .
This study confirmed the previous impression that desmin expression is very rare in GISTs. Therefore, the simultaneous lack of desmin and presence of CD117 is a sharp contrast between GISTs and true smooth muscle tumors.
A small group of undifferentiated sarcomas was excluded from the defined GIST group. These tumors lacked CD117 and all other differentiation markers, including CD34, desmin, and S100 protein; focal actin positivity was occasionally encountered, and it cannot be ruled out that some of them are related to GISTs or that they represent undifferentiated leiomyosarcomas. We have encountered occasional undifferentiated tumors that lacked CD117 expression by immunohistochemistry but had c-kit mutations (10) . Further correlative histologic, immunohistochemical, and molecular genetic studies are necessary to determine to what extent the CD117-negative cases with a null-cell phenotype belong to the biologic category of GISTs.
We also compared the immunohistochemical patterns of GIST with a large number of cases that included tumors originally considered to be smooth muscle tumors. This group includes the most important tumor entities that enter in the differential diagnosis of GIST. It especially includes tree leiomyomas and leiomyosarcomas and some inflammatory myofibroblastic tumors, inflammatory fibroid polyps, and nerve sheath tumors. Also, some CD117-positive unrelated tumors may occasionally enter in the differential diagnosis of GIST.
Leiomyomas occur in the GI tract in two forms: esophageal mural leiomyomas, and leiomyomas involving the muscularis mucosae layer of the colon and rectum. Common to all leiomyomas is their composition of histologically well-differentiated smooth muscle cells with eosinophilic cytoplasm. Indeed, immunophenotypically, these tumors fully correspond with smooth muscle tumors by showing smooth muscle actin and desmin and by being negative for CD117 and CD34. In this study, we did not encounter similar mural tumors in the intestines, suggesting that true mural leiomyomas of these locations must be rare, if they exist.
Another category of leiomyomas regularly found attached to the colon is the uterine type leiomyoma. These tumors do not only morphologically resemble uterine leiomyomas, but they also are positive for ER, which is similar to uterine leiomyomas (21, 22 ) and dissimilar to GISTs, which are ER-negative according to our results. Therefore, ER immunostaining is a valuable aid to separate the uterine type leiomyomas from GISTs.
True leiomyosarcomas that are composed of well-differentiated smooth muscle cells, similar to those seen in retroperitoneal and vascular LMSs, are vary rare in the GI tract. However, such tumors were encountered as a small minority among the malignant tumors, especially in the small intestine and colon. Although molecular genetic studies to date have shown lack of c-kit mutations in true LMSs, the number of cases studied remains small (10) . Larger numbers of cases have to be analyzed comprehensively by combined histologic, immunohistochemical, and molecular studies to rule out the possibility that some tumors that express smooth muscle markers could be biologically related to the GIST group. Although LMSs were typically negative for CD117, a few cases showed extremely focal cytoplasmic staining in very occasional neoplastic cells. However, this pattern of staining is not likely to be confused with that of GISTs, because the latter typically show strong, almost always global, CD117 positivity.
Another unexpected feature found in this study was the moderately common CD34 expression in retroperitoneal LMSs (30%). The significance of this expression is unclear at the present time but again illustrates the lower specificity of CD34 compared with CD117 for GISTs. An earlier study also reported CD34 expression in uterine and retroperitoneal leiomyosarcomas, in the latter with a frequency of 43% (23).
Schwannomas are rare mesenchymal tumors of the GI tract. They usually occur in the stomach but also may present in esophagus or colon (16, 24, 25) . These tumors are histologically distinctive as sharply demarcated spindle cell tumors, typically they are partially surrounded by a lymphoid cuff. They are strongly positive for S100 protein and always negative for CD117 and CD34. According to this study, there were no tumors that showed overlapping features between GIST and schwannoma. The S100 positivity found in a small group of GISTs, especially those of small intestine, is intriguing. It is best explained by multidirectional differentiation of these tumors; the lack of CD117 in schwannomas seems to allow for a sharp separation of GISTs and GI schwannomas.
Inflammatory myofibroblastic tumor, whose less cellular examples also have been called inflammatory pseudotumors and the more highly cellular and atypical examples have been called inflammatory fibrosarcoma (26, 27) , occurs predominantly in childhood. One of the most common locations of this tumor is the abdomen, where the lesions can occur on the peritoneal surfaces and also involve the stomach and intestines. These tumors may simulate GISTs when involving the walls of stomach or intestines. However, they typically show a more heterogeneous cellular composition and are consistently negative for CD117 and CD34. The endothelial cells of this lesion seem to show CD117 immunoreacitvity similar to fetal and some malignant neoplastic endothelia; therefore, the tumor neovascularization in this lesion may be capable of similar reversion to fetal (CD117 positive) endothelial phenotype, as commonly seen in angiosarcomas (28) .
Inflammatory fibroid polyps usually occur in stomach or small intestine as polyps. These tumors may occasionally resemble GISTs in a small biopsy because of their positivity for CD34 (29, 30) . However, based on the present study, they are consistently negative for CD117, offering an immunohistochemical distinction from GIST.
Although liposarcomas typically have a prominent extra-intestinal component and reveal fatty differentiation in some areas, unless completely dedifferentiated, these tumors may also involve the intestinal walls, and then they simulate a primary GIST. The differential diagnosis is aided by the fact that tumors are negative for CD117, although focal cytoplasmic staining was occasionally seen in isolated cells. Such focal positivity is not likely to be confused with the GISTs, because GISTs typically show global CD117 positivity.
The CD117 (KIT) positive tumors that can involve the GI tract and occasionally be confused with GISTs include metastatic malignant melanoma, malignant vascular tumors, and metastatic pulmonary small cell carcinomas. Malignant melanoma may involve the stomach and especially small intestine, and occasionally such metastases may include GIST as a differential diagnostic consideration, although melanomas usually have patient history of the primary tumor. Like normal melanocytes, melanomas are often CD117 positive (31) , and this study showed a surprisingly high frequency of CD117 positivity (73%) among intestinal metastases of melanomas. Although melanocytes and primary melanomas are typically CD117 positive, it has been specifically shown that metastatic melanomas commonly have lessened CD117 expression, suggesting that this marker is lost in melanoma progression (32). An extremely rare event of occurrence of primary clear cell sarcoma (of tendons and aponeuroses) has been described in the small intestine (33) . These sarcomas are CD117 positive in approximately 50% of cases and therefore may represent a diagnostic pitfall (6) .
Other tumors that may be CD117 positive include malignant vascular tumors, especially angiosarcoma and occasionally Kaposi sarcoma (28) ; these diagnoses may be encountered in a mucosal biopsy of the GI tract. The presence of periodic acidSchiff-positive-hyaline globules in Kaposi sarcoma; vasoformation, at least to some degree, in angiosarcoma; and CD31 positivity in both of these tumors is diagnostically helpful, because GISTs are consistently CD31 negative (15) .
This study revealed that some small round cell tumors, such as extraskeletal Ewing's sarcoma, may also be positive for CD117, although desmoplastic small round cell tumors that more commonly present intra-abdominally were negative. Although the clinicopathologic features of these tumors are usually sufficiently distinctive, such tumors (especially when intra-abdominal or in the abdominal wall) may occasionally enter in the differential diagnosis of GIST; some malignant GISTs show oval/ round cell cytologic pattern. A previous study also showed KIT expression in Ewing's family of tumors (34) . Among small, round cell tumors in older adults, the major population of patients with GIST, metastatic pulmonary small cell carcinomas are often CD117 positive (29) .
In summary, we have immunohistochemically evaluated 292 GISTs and more than 200 other tumors that enter in the differential diagnosis. GISTs, defined here as smooth muscle or stromal tumors that have CD117 expression, display different immunohistochemical profiles at various sites. This includes higher frequency of CD34 among esophageal and rectal tumors, a relatively high coexpression of SMA and CD34 in the small intestinal tumors, and inverse patterns of CD34 and SMA.
Although CD117 is quite specific for GISTs among primary mesenchymal tumors of the GI tract, limited CD117 expression may occur in unrelated tumors. Awareness of the immunohistochemical spectrum of GIST at different sites and the immunoreactivity patterns in tumors that have to be considered for differential diagnosis helps to precisely identify the GISTs and avoid the diagnostic pitfalls.
